2-12 Supplementary Table 2 13-14 Supplementary Table 3 15 Supplementary Table 4 16 Supplementary Figure Table 4 . Summary of experimental and computed quantities used to assess the supramolecular configuration of the designed oligomers in solution using SAXS. The designs in this table exhibit large discrepancies between the experimental and computational values for molecular weight and/or X-ray scattering profiles. In each design trajectory, the subunit was initially perturbed by a translation perpendicular to the axis of symmetry, as well as a random rotation in three-dimensional space. The applied perturbation was selected from a gaussian distribution bounded by user-defined distances and angles. An oligomer with the specified cyclic symmetry was then generated using the information stored in the symmetry definition file to cyclize the monomeric subunit. For the interface design protocol, designable positions were designated as residues that met the following criteria: beta carbon within 10 Å of at least one beta carbon from another subunit, at least one atom within 5 Å of any other atom from the same subunit, a non-zero surface area accessible to solvent, identity of neither proline nor glycine. While keeping other subunit residues fixed, designable positions were optimized using the Rosetta packing algorithm with the default Talaris2013 score function 3 and the extended rotamer library available in Rosetta. Initially, packing was executed with a modified score function using a full atom repulsive term weight of 0.05 (as opposed to a standard weight of 1.0) in order to sample more of the sequence space for the particular configuration. Once a sequence was converged upon, designable positions were allowed to minimize side chain torsion angles using the same reduced repulsive term weight. A subsequent round of packing and minimization was conducted, but with the repulsive term weight reset to 1.0 in order to converge on a local minimum of standard Rosetta energy.
Supplementary
Individual design trajectories were filtered and refined by single point reversions for mutations that were deemed non-contributory to stabilizing the bound state of the interface. The design with the best overall scores for each unique docked configuration was then added to a set of finalized proteins to be experimentally validated. • c is the solute concentration.
Two-body Asymmetric
• M w is the weight-averaged solute molar mass.
• A 2 is the second virial coefficient in the virial expansion of the osmotic pressure.
• K* is the constant 4π 2 (dn/dc) 2 n 0 2 /N a λ 0 4 .
• N a is Avogadro's number. This number always appears when concentration is measured in g/mL and molar mass in g/mol.
• P(θ) describes the angular dependence of the scattered light, and can be related to the rms radius.
• n 0 is the index of refraction of the solvent • λ 0 is the vacuum wavelength of the laser Accounting for error in light scattering data acquisition, species with calculated molecular weights within 13% of the expected target molecular weight for each design were considered to be forming the anticipated oligomeric state.
Small-angle X-ray Scattering. Designed proteins that predominantly formed the target oligomeric species were re-expressed and purified for low-resolution structure determination while in solution by small-angle X-ray scattering (SAXS). A purified elution sample and concentrated sample of each protein were sent for data collection at the SIBYLS High Throughput SAXS Advanced Light Source in Berkeley, California 8 . A beam exposure time of between 0.5-2.0 seconds was used to obtain diffraction data, which we represent in plots of log intensity (I) vs. q.
where:
• q = (4πsinθ)/λ • 2θ is angle of diffraction from detector origin • λ is wavelength of the incident X-ray beam Experimental diffraction data was then analyzed with the java-based application, Scatter. Minimum q values (q min ) and experimental radii of gyration (Rg) were determined by Guinier analysis 4 . Data resolution, reflected by maximum q value (q max ), was determined by a characteristic asymptote in signal intensity described by Porod's Law 9 . Refined data sets and corresponding designed model .pdb files were input to the FoXS web server to compute the agreement (evaluated as X) between the experimental and model-computed profiles 10 .
Generation of extension ensemble and determination of SAXS-suggested model.
A set of designed homooligomers, one each of C2 and C4 symmetry, that had been structurally validated by X-ray diffraction crystallography and/or SAXS were selected as candidates for extension. Because the repeating units of the initial scaffolds were not perfectly superimposable, each unique repeat unit (aside from N-and C-capping repeats) was propagated to generate several models with two additional repeat units (three for C2 oligomer, two for C4 oligomer). 100 trajectories of a Rosetta protocol that previously showed to sample the local energy landscape 11 was then performed on each extended model. The total extension set was then input to FoXS with an experimentally-obtained profile to determine an ensemble of models that agreed within a threshold to the data.
Crystallography, data acquisition, structure determination and refinement.
Selected designs were expressed as above and purified by IMAC and SEC on a Superdex 200 10/300 GL gel filtration column using a buffer containing 25 mM Tris pH 8.0 and 50 mM NaCl. Fractions corresponding to the designed oligomers were combined and concentrated for screening.
Crystallization trials for ank3C2_1 were performed at 16.5 mg/ml. The protein crystallized readily in a variety of conditions and optimization was performed using 100 Crystallization trials for ank1C4_2 were performed at 12 mg/ml and pyramidal crystals were observed within 2 weeks in 100 mM sodium acetate pH 4.6 and 2.0 M ammonium sulfate. Diffraction data were collected at the Advanced Photon Source at Argonne National Laboratory in Lemont, Illinois. Data reduction was carried out using XDS/SCALEDS 12 . Molecular Replacement was performed in the program PHASER 13 using the design models as search models. Solutions were refined using the program PHENIX 14 or BUSTER 15 . MR solutions were initially subjected to rigid body refinement
and subsequently coordinate refinement. Individual atomic displacement parameter
(ADP) refinement and automated water picking were also performed. Refinement protocols were run iteratively while the quality of the model was assessed by the R/Rfree values. Finally, alternating cycles of refinement and model building in COOT were performed using the using the 2mFo-DFc map to obtain the final coordinates 16 .
HR00C3_2 and ank1C2_1 were dialyzed against 25 mM Tris buffer pH 8.0 and 150 mM NaCl. The final concentration of HR00C3_2 and ank1C2_1 used for crystallization trials were 12 mg ml -1 . The HR00C3_2 and ank1C2_1 protein were Lawrence Berkeley National Laboratory in Berkeley, California. Integration, scaling and merging of the X-ray diffraction data were carried out with the HKL2000 package 17 for HR00C3_2 and ank1C2_1 while iMosflm/Scala 18 was used for ank4C4. An analysis of the intensity statistics carried out on HR00C3_2 by Phenix.xtriage program indicated that the data was merohedrally twinned with twin law (-h, -k, l) with an estimated twin fraction of 46%. Molecular replacement was carried out using PHASER 13 in PHENIX suite 14 (using using a monomer predicted by Rosetta ab initio structure prediction as the initial search model. Refinement was carried out with phenix.refine 14 , using a twin-based target for HR00C3_2 and a maximum likelihood target for ank1C2_1 and ank4C4.
Reciprocal space refinement was complemented by rounds of manual model adjustment in COOT 16 . Root-mean-square deviation differences from ideal geometries for bond lengths, angles and dihedrals were calculated with Phenix 14 . The overall stereochemical quality of all final models was assessed using the program MOLPROBITYPRO 19 . 
